The combination of skin loss and immune depression after thermal injury predisposes burn patients to an increased risk of infection. Since the commonest site of infection in the burn patient is the burn wound itself, we elected to study the opsonic activity of locally produced blister fluid, from 18 thermally injured patients, for the two most common organisms colonizing the burn wound (Pseudomonas aeruginosa and Staphylococcus aureus). Blister fluid was as good an opsonin source for staphylococcus as normal serum. In contrast, the blister fluid did not support either the phagocytosis of the intracellular killing of P. aeruginosa. The poor opsonic activity of blister fluid for P. aeruginosa did not appear to be due to the presence of an inhibitory factor(s) since the addition of normal serum restored the opsonic activity of the blister fluid to normal. The concentrations of immunoglobulins and the complement components C3 and C4 in the blister fluid samples were less than half the level of those in normal serum. The opsonic activity of the blister fluid could not be restored to normal by the addition of either immunoglobulin or heat-inactivated serum (56TC for 30 min). Thus, the opsonic factor(s) missing from the blister fluid was heat labile and thus probably represents complement components. That blister fluid had impaired opsonic activity for P. aeruginosa but not for S. aureus indicated that a local humoral defect may be responsible, at least in part, for the high incidence of gram-negative organisms, especially pseudomonads, colonizing the burn wound after thermal injury.
The combination of skin loss and immune depression after thermal injury predisposes burn patients to an increased risk of infection. Since the commonest site of infection in the burn patient is the burn wound itself, we elected to study the opsonic activity of locally produced blister fluid, from 18 thermally injured patients, for the two most common organisms colonizing the burn wound (Pseudomonas aeruginosa and Staphylococcus aureus). Blister fluid was as good an opsonin source for staphylococcus as normal serum. In contrast, the blister fluid did not support either the phagocytosis of the intracellular killing of P. aeruginosa. The poor opsonic activity of blister fluid for P. aeruginosa did not appear to be due to the presence of an inhibitory factor(s) since the addition of normal serum restored the opsonic activity of the blister fluid to normal. The concentrations of immunoglobulins and the complement components C3 and C4 in the blister fluid samples were less than half the level of those in normal serum. The opsonic activity of the blister fluid could not be restored to normal by the addition of either immunoglobulin or heat-inactivated serum (56TC for 30 min). Thus, the opsonic factor(s) missing from the blister fluid was heat labile and thus probably represents complement components. That blister fluid had impaired opsonic activity for P. aeruginosa but not for S. aureus indicated that a local humoral defect may be responsible, at least in part, for the high incidence of gram-negative organisms, especially pseudomonads, colonizing the burn wound after thermal injury.
Thermal injury results in destruction of the skin barrier to bacteria, as well as a global depression of both the specific and nonspecific host defense systems (3, 10, 13, 26) . Unfortunately, this combination of skin loss and impaired immunity makes sepsis a frequent consequence of a major thermal injury.
Different bacterial species colonize the burn wound as the time postburn increases. Grampositive bacteria which initially colonize the burn wound are frequently replaced or joined by gram-negative and even fungi after the first few days postburn (24) . Indeed, epidemics of pseudomonas, proteus, and serratia sepsis are relatively common in burn units (20 (5) and Grogan (19), as previously described (15) . Leukocytes at a final concentration of 5 x 106/ml were incubated with 106 S. aureus or P. aeruginosa in minimal essential medium supplemented with either control serum or blister fluid (10%, vol/vol). The leukocyte-bacterial suspension was incubated at 37°C on a rotating shaker. Aliquots of the suspension were pour plate assayed after 30 and 90 min of incubation to determine the total number of viable bacteria. A second aliquot was subjected to differential centrifugation, leaving bacteria not associated with the leukocytes in suspension. The number of nonphagocytized bacteria was determined from pour plate assay of the supernatant. A third aliquot, containing staphylococci only, was treated with lysostaphin, as described by Tan et al. (35) , to determine the number of bacteria that were phagocytized but not killed.
Immunoglobulin 
RESULTS
The levels of both complement components and immunoglobulins in the blister fluid from 18 burn patients were depressed (Table 1) . Neither S. aureus nor P. aeruginosa cells were killed by either blister fluid or normal serum in the absence of phagocytic cells after an incubation period of 90 min (Table 2) . Blister fluid, however, was as effective a neutrophil opsonin source as normal serum for both the phagocytosis and killing of S. aureus (Fig. 1) . The number of bacteria phagocytized and killed was greater after 90 min of incubation than after 30 min with either serum or blister fluid as the opsonin source (P < 0.01). The addition of pooled normal serum to blister fluid did not increase either the phagocytic rate or the number of staphylococci killed by the neutrophils.
In contrast to the results presented above with S. aureus, blister fluid did not support the phagocytosis and killing of P. aeruginosa as well as did normal serum ( Fig. 2A and B) (P < 0.001). In fact, the rate of both phagocytosis and killing of P. aeruginosa by neutrophils when blister fluid was used as the opsonin source was not improved over protein-free media ( Fig. 2A and  B) . Blister fluid did not reduce the opsonic VOL. 41, 1983 on September 29, 2017 by guest http://iai.asm.org/ Downloaded from alterations in immunoglobulin levels (7, 13, 14) , changes in the concentration and activity of both the classical and alternative complement pathways (1, 11), reduced levels of circulating plas- activity of normal serum ( Table 3 ), implying that the impairment in neutrophil phagocytosis and killing of pseudomonads was not due to an inhibitor of neutrophil function present in the blister fluid, but rather was due to the lack of a normal serum factor(s) in the blister fluid.
P. aeruginosa cells preopsonized with either serum or blister fluid were incubated with leukocytes in protein-free media. Fewer bacteria were killed by the leukocytes after opsonization with blister fluid than after normal serum opsonization (Table 4) (P < 0.001). The opsonic activity of the blister fluid was not restored to normal by the addition of either immunoglobulin or heatinactivated serum (0.1 ml; 56°C for 30 min). The addition of human immune serum globulin (Gamastan; Cutter Laboratories) to the blister fluid brought the concentration of IgG in the blister fluid to 2,100 mg/dl. Thus, the factor(s) missing from the blister fluid was heat labile and probably a complement component(s) (Fig. 3 ).
DISCUSSION
Patients with thermal injuries develop multiple defects of the immune system, which include (15, 25) , and depressed serum opsonic activity (4, 9, 10, 12) , as well as impairment of the reticuloendothelial system (18, 33) , circulating macrophages (6), lymphocytes (8, 29, 32) , and neutrophils (3, 16, 37) . In addition to these widespread immunological defects, thermal injury also destroys the skin barrier, allowing potential ingress of bacteria. Since the commonest site of infection in burn patients is the burn wound (30), the opsonic activity of blister fluid was measured. Our results indicated that blister fluid was as good an opsonin source as normal serum for S. aureus; however, it was not effective in promoting the phagocytosis or intracellular killing of P. aeruginosa. Impaired phagocytosis and killing of P. aeruginosa occurred both when the bacteria were preopsonized with blister fluid before the assays and when blister fluid (10%o, vol/vol) was used directly as the opsonin source in the assays. The addition of normal serum to the blister fluid restored the opsonic activity of this fluid, indicating that the defect in opsonization was due to lack of a normal serum constitutent(s) rather than to the presence of inhibitors.
Impaired serum opsonic activity for pseudomonads, as well as Escherichia coli, has been documented in burn patients (9) . Some investigators think that this is primarily due to impaired b Four blister fluid specimens tested.
alternate complement pathway activation which occurs in these patients, primarily during sepsis (10, 11) , whereas other investigators have found similar depressions in serum opsonic activity in nonseptic burn patients (1, 4), presumably due to direct activation of the complement system by the thermal injury (21). Bjornson et al. were able to reverse the serum opsonic defect of their burn patients by adding normal serum to the burn patients' serum (9) just as normal serum restored the opsonic activity of blister fluid to normal in the current experiments. Although serum immunoglobulin levels are transiently decreased after thermal injury (3, 7, 10, 13), IgG levels return to normal by 3 weeks postinjury and IgM This number was computed from the formula:
(total viable bacteria -bacteria in supematant)/(bacterial inoculum -bacteria in supernatant).
U. (28) . Our observation of decreased immunoglobulin levels in blister fluid may partly be a reflection of this acute change in the serum levels of immunoglobulins (Table 1) . Biologically, however, the anamnestic response remains normal, although the ability to mount a primary immune response may be retarded (2, 31) .
Thus, decreased concentration of immunoglobulin and complement in blister fluid may reflect a systemic decrease in these circulating proteins. Since the addition of purified immunoglobulin to the blister fluid did not restore the opsonic activity of the blister fluid for P. aeruginosa, it appears that a depression in the level of immunoglobulins was not responsible for the decrease in opsonic activity. The opsonic activity of the blister fluid also could not be restored by the addition of heat-inactivated serum. This suggests that a heat-labile substance present in normal serum is required to restore the opsonic activity of blister fluid. Of the characterized bacterial opsonins, only complement is heat labile, suggesting that the depressed level of complement components in the blister fluid was responsible for the decrease in opsonic activity. These findings agree with the fact that in a nonimmune animal the small amount of specific antibody which may be present is effective only if complement activity is intact. That is, complement is critical in the opsonization and clearance of bacteria in the nonimmunized animal. In contrast, when specific antibody is present at high levels, complement plays only an adjuvant role as a bacterial opsonin (23) .
It is not clear why the phagocytized pseudomonads were not effectively killed intracellularly in our study. However, a similar phenomenon has been reported by Solberg and Hellum (34) , who found that in a serum-free system not only is the rate of bacterial phagocytosis depressed but also the phagocytized bacteria are not effectively killed. They concluded that normal serum is essential for both the phagocytosis and the killing of bacteria. The reason S. aureus, in contrast to P. aeruginosa, was opsonized successfully by blister fluid was probably due to surface characteristic differences between these organisms. Verhoef et al. (36) found that even among different strains of S. aureus the opsonic requirements for successful phagocytosis varied from organism to organism. In general, encapsulated organisms, such as P. aeruginosa, have more stringent opsonic requirements than unencapsulated organisms either of the same or of different species (22) .
In summary, blister fluid appears to have impaired opsonic activity for P. aeruginosa but not S. aureus. This opsonic defect may be responsible, at least in part, for the high incidence of gram-negative organisms, especially pseudomonads, colonizing the burn wound several days after thermal injury. ACKNOWLEDGMENT I greatly appreciate the technical assistance of Karen Landry.
